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In this work we evaluate the 1S0 superfluidity of Λ hyperons in β-stable strange hadronic
matter. We investigate the equation of state (EOS) of hadronic matter at finite values
of baryon density and temperature in the relativistic mean field (RMF) theory. Effects
of the introduced isoscalar-isovector cross-interaction term on the Λ superfluidity are
investigated systematically. In addition, the temperature effects on the superfluidity of
Λ hyperons in hadronic matter are discussed. It is found that the density region and
the magnitude of the Λ pairing gap are dependent on the cross-interaction term. The
obtained maximal critical temperature of Λ superfluid is around 109 K.
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1. Introduction
The nuclear physics of hadronic matter has become a hot topic that connects astro-
physics with extreme high-density nuclear physics.1–11 With the progress of astro-
nomical observation and nuclear experiment, astrophysics phenomena and nuclear
physics are combined more and more tightly. Meantime, neutron star matters have
also been attracting much interest because they offer a good chance of studying
1
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the occurrence of superfluidity in nuclear matter.12–18 Superfluidity of baryons in
hadronic star matters is expected to have a number of consequences directly related
to observational effects, such as cooling rates and the glitches in rotational rates
that are observed in a number of pulsars.19–21 It is well believed that baryon super-
fluidity plays an incisive role in the thermal evolution of neutron stars.22–24 Baryon
pairing may significantly suppress cooling rates that rely on neutrino emission from
the direct Urca process.25–27
In the neutron star interior, hyperons are possible to appear through the weak
interaction with the fast rise of the baryon density. Generally, Λ particle, the lightest
hyperon with an attractive potential, is the first hyperon appearing in nuclear mat-
ter.28–30 The 1S0 Λ superfluid may occur in nuclear medium due to the attractive
ΛΛ interaction.31–34 Over the last decade, there have been several literatures about
the nucleon and hyperon superfluidity in hadronic matter. In the work of Alm et
al.,13 the superfluid 3D2 proton-neutron pairing in dense isospin-asymmetric nu-
clear matter is investigated in terms of the real-time Green functions approach.
They found that the critical temperature associated with the transition to the su-
perfluid phase becomes strongly suppressed with increasing isospin asymmetry. In
Ref. 27, Balberg and Barnea studied the 1S0 gap energies of Λ hyperons in neutron
star matter, using the G-matrix effective interaction. They found that a gap energy
of several tenths of a MeV is expected for a Λ Fermi momenta, kF (Λ), below 1.3
fm−1. In Refs. 31,33 and 34, Takatsuka and Tamagaki investigated superfluidity of
Λ hyperons by a realistic approach using bare ΛΛ interactions and the effective mass
of Λ based on the G-matrix calculations. Their calculation predicts Λ superfluid can
exist in a density region between 2ρ0 and (3−4.5)ρ0,31 depending on hyperon core
models. Besides, the predicted critical temperature of Λ superfluidity is around 109
K in hyperon-mixed neutron star cores.33 Tanigawa et al. have investigated the ΛΛ
pairing in binary mixed matter of nucleons and Λ hyperons, using the relativistic
Hartree-Bogoliubov model combined with the relativistic mean field (RMF) inter-
action in Ref. 32. Therein, it is found that the value of the ΛΛ pairing gap decreases
as the background nucleon density increases. In the work of Wang and Shen,28 the
1S0 Λ superfluidity in neutron star matter and neutron stars has been investigated
by employing several ΛΛ interactions based on the Nijmegen models. It is found
that the maximal pairing gap obtained is a few tenths of a MeV, and the magnitude
and the density region of the pairing gap are dependent on the ΛΛ interaction.
In this work, we focus on the temperature effects on the 1S0 superfluidity of Λ
hyperons in strange hadronic matter by means of the RMF model with the inclu-
sion of the full octet of baryons. The RMF is a pioneering framework to describe
the nuclear system as a relativistic many-body system of baryons and mesons,
which has been widely used to investigate the properties of finite nuclei and nu-
clear matter.35–46 Along this direction, many important extensions of RMF theory
have been made, for example, the additional isoscalar-isovector cross-interaction
term was introduced into the extended RMF model recently.40–42 The additional
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isoscalar-isovector coupling term is proved to play an important role in softening
the symmetry energy at high densities and reducing the neutron skin thickness in
heavy nuclei. In this work, we will systematically investigate the influence of the
isoscalar-isovector coupling term on the superfluidity of Λ hyperons. Furthermore,
we investigate the temperature effects on the Λ superfluidity in nuclear medium
in terms of RMF model for the first time. In our calculation, we firstly investigate
the equation of state (EOS) of strange hadronic matter at finite values of baryon
density and temperature, then solve the finite-temperature gap equation to discuss
the Λ superfluid in hadronic matter.
The organization of this paper is as follows. In Sec. 2, we outline the theoretical
framework of the RMF theory for the hadronic matter at finite temperature. In Sec.
3, we briefly describe the energy gap equation for Λ hyperon pairing. The model
parameters are discussed in Sec. 4. In Sec. 5, numerical results and discussions are
presented. Finally, the main conclusions are summarized in Sec. 6.
2. Formulas of the RMF model
In the RMF theory, the nuclear interaction is usually described by the exchange of
three mesons: the isoscalar meson σ which produces the medium range attraction,
the isoscalar-vector meson ω responsible for the short range repulsion, and the
isovector-vector meson ρ reproducing the correct value of the empirical symmetry
energy.47 Here, the cross-interaction term ω2ρ2 is included, which was introduced
to soften the symmetry energy at high densities.40 The baryons considered in this
work include the full octet of the lightest ones (N(p, n), Λ, Σ+, Σ0, Σ−, Ξ0, Ξ−)
originally investigated by Glendenning.48 The total Lagrangian density L takes the
form
L =
∑
j
ψ¯j [iγ
µ∂µ −Mj + gσjσ − gωjγµωµ − gρj
2
γµτ · ρµ]ψj + 1
2
∂µσ∂µσ
−1
2
m2σσ
2 − 1
4
ΩµνΩµν +
1
2
m2ωω
µωµ − 1
4
GµνGµν +
1
2
m2ρρ
µρµ
−Ueff (σ, ωµ, ρµ) +
∑
l
ψ¯l[iγ
µ∂µ −ml]ψl, (1)
where the index j runs over the full octet of baryons, and l represents electrons and
muons (e and µ).Mj denotes the vaccum baryonmass of index j. The antisymmetric
tensors of the vector mesons are taken as the usual forms Ωµν = ∂µων − ∂νωµ and
Gµν = ∂µρν−∂νρµ. gσj , gωj and gρj are the coupling constants between the baryon
and σ meson, ω meson, and ρ meson, respectively. The nonlinear self-interacting
terms of σ, ω and the isoscalar-isovector cross-interaction are taken as
Ueff (σ, ω
µ, ρµ) =
κ
3!
(gσNσ)
3 +
λ
4!
(gσNσ)
4 − ζ
4!
(g2ωNωµω
µ)2
−Λv(g2ρNρµρµ)(g2ωNωµωµ). (2)
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By virtue of translational and rotational invariance, the meson fields are constant in
infinite nuclear matter. As a consequence, the field equations under the mean-field
approximation have the following form
(iγµ∂µ −M∗j − gωjγ0ω −
gρj
2
γ0τ3jρ)ψj = 0, (3)
m2σσ +
κ
2
g3σNσ
2 +
λ
6
g4σNσ
3 =
∑
i
gσiρ
S
i , (4)
m2ωω +
ζ
6
g4ωNω
3 + 2Λvg
2
ρNg
2
ωNρ
2ω =
∑
i
gωiρ
B
i , (5)
m2ρρ+ 2Λvg
2
ρNg
2
ωNω
2ρ =
∑
i
gρi
2
τ3iρ
B
i . (6)
The effective mass of baryon octet, in equation (3), is given as
M∗j =Mj − gσjσ. (7)
ρSi and ρ
B
i are the baryon scalar density and the baryon density of the particle
symbolled by i, respectively. They are written as
ρSi =
2
(2π)3
∫
d3k
M∗i√
k2 +M∗i
2
[fi(k) + f i(k)], (8)
ρBi =
2
(2π)3
∫
d3k[fi(k)− f i(k)], (9)
where fi(k) and f i(k) are the fermion particle distribution and antiparticle distri-
bution:
fi(k) =
1
exp{(
√
k2 +M∗i
2 − νi)/T }+ 1
, (10)
f i(k) =
1
exp{(
√
k2 +M∗i
2 + νi)/T }+ 1
, (11)
with νi being the effective chemical potential, related to the chemical potential µi
as
νi = µi − gωiω − gρiτ3iρ. (12)
For the hadronic matter with baryons and charged leptons, the β-equilibrium con-
ditions under the weak processes are given by
µp = µΣ+ = µn − µe, (13)
µΛ = µΣ0 = µΞ0 = µn, (14)
µΣ− = µΞ− = µn + µe, (15)
µµ = µe, (16)
and the charge neutrality condition is fulfilled by
ρp + ρΣ+ = ρΣ− + ρΞ− + ρe + ρµ, (17)
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where ρi is the number density of particle i. At a given baryon density ρB and
a given temperature T , the Dirac equation (3) can be solved exactly with plane
waves as solutions, while the coupled eqs. (4)−(6) and (13)−(17) can be solved
self-consistently. Once the solution has been found, the EOS of the hadronic matter
can be calculated from
ǫ =
∑
i
2
(2π)3
∫
d3k
√
k2 +m∗i
2[fi(k) + f i(k)] +
1
2
m2σσ
2 +
κ
6
g3σNσ
3
+
λ
24
g4σNσ
4 +
1
2
m2ωω
2 +
ξ
8
g4ωNω
4 +
1
2
m2ρρ
2 + 3Λνg
2
ρNg
2
ωNω
2ρ2
+
1
π2
∑
l
∫
k2
√
k2 +ml2[fl(k) + f l(k)]dk, (18)
p =
∑
i
1
3
2
(2π)
3
∫
d3k
k2√
k2 +m∗i
2
[fi(k) + f i(k)]−
1
2
m2σσ
2 − κ
6
g3σNσ
3
− λ
24
g4σNσ
4 +
1
2
m2ωω
2 +
ξ
24
g4ωNω
4 +
1
2
m2ρρ
2 + Λνg
2
ρNg
2
ωNω
2ρ2
+
1
3π2
∑
l
∫
k4√
k2 +ml2
[fl(k) + f l(k)]dk. (19)
Meanwhile, the single-particle energy for the Λ hyperons, and the Λ chemical po-
tential at a given baryon density ρB can also be obtained, which are crucial in the
investigation on the superfluidity of Λ hyperons.
3. Energy gap equation for Λ hyperon pairing
In this work, we investigate the 1S0 superfluidity of Λ hyperons in warm strange
hadronic matter. As a key quantity to determine the onset of superfluidity, the
energy gap function ∆k can be obtained by solving the finite-temperature gap
equation
∆k = − 1
π
∫
k′2dk′V (k, k′)
∆k′
Ek′
tanh(
Ek′
2T
), (20)
Ek′ =
√
[ε(k′)− µΛ]2 +∆2k′ , (21)
where ε(k′) is the single-particle energy in the nuclear medium for the Λ hyperons,
µΛ the corresponding chemical potential at a given baryon density ρB. The single-
particle energy of Λ hyperons in the RMF approach is written as
ε(k) =
√
k2 +m∗Λ
2 + gωΛω (22)
The potential matrix element for the 1S0 Λ pairing interaction can be given by
V (k, k′) = 〈k|VΛΛ(1S0)|k′〉 =
∫
r2drj0(kr)VΛΛ(r)j0(k
′r), (23)
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where j0(kr) = sin(kr)/(kr) is the zero order spherical Bessel function. VΛΛ(r)
is the 1S0 Λ pairing interaction potential in coordinate space. It is known that
the magnitude of the pairing gap are influenced by the ΛΛ interaction. Here, we
adopt the ND1, ND2, ESC00, NSC97b, NSC97e and NSC97f potentials obtained by
fitting to the corresponding Nijmegen models,49–51 as well as the NFs and NSC97s
potentials obtained by reproducing the ΛΛ binding energy value of BΛΛ(
6
ΛΛHe) from
the Nagara event.52 To solve the gap equation, we follow the separation method
developed by Khodel et al.53
4. Model parameters
To examine the influence of the isoscalar-isovector cross-interaction on the super-
fluidity of Λ hyperons, we employ the parameter set FSU in the present calculation,
meanwhile, the parameter sets NL3 and NL3* are also included for comparison. As
for the meson-hyperon couplings, the values in the SU(6) quark model are taken
for the vector coupling constants
gωΛ = gωΣ = 2gωΞ =
2
3
gωN ,
gρΛ = 0, gρΣ = 2gρΞ = 2gρN . (24)
The scalar coupling constant of Λ hyperons is chosen to fit the Λ hypernuclei ob-
servables so as to reproduce the descriptions of Λ hypernuclei and Λ hyperons in
nuclear matter self-consistently. Studying for the Λ hypernuclei with FSU, NL3,
and NL3*, in Ref. 54, we obtained the relative σ coupling for Λ as RσΛ=0.619 for
the FSU , RσΛ=0.620 for the NL3* and RσΛ=0.621 for the NL3 parameter set.
The RσΛ is defined as RσΛ = gσΛ/gσN . With these scalar couplings, we obtain the
potential depth of a Λ in saturated nuclear matter as: U
(N)
Λ = −29.99 MeV for
FSU, U
(N)
Λ = −30.31 MeV for NL3* and U (N)Λ = −30.42 MeV for NL3, which are
all close to the reasonable Λ hyperon potential U
(N)
Λ ≃ −30 MeV.3 For Σ hyperons,
The study of Σ− atoms showed strong evidence for a sizable repulsive potential in
the nuclear core.55, 56 A recent work again confirmed the repulsive nature of the
Σ− potential with a new geometric analysis of the Σ− atom data.57 Therefore, for
the Σ-N interaction, we adopt U
(N)
Σ = 30 MeV as used in Ref. 3 to determine the
sacalar coupling constants. Besides, for the Ξ-N interaction, we take the poten-
tial U
(N)
Ξ = −15 MeV58, 59 in our calculation. Then, we obtain, gσΣ = 4.717 and
gσΞ = 3.161 for the NL3 parameter set, gσΣ = 4.650 and gσΞ = 3.119 for the
NL3* parameter set, and gσΣ = 4.820 and gσΞ = 3.279 for the FSU parameter set,
respectively.
For systematically investigate the influence of the isoscalar-isovector cross-
interaction on the superfluidity of Λ hyperons, we change the Λν in our calculation.
For a given Λν , we follow Refs. 60,61 and 62 to readjust the ρNN coupling constant
gρ so as to keep the symmetry energy unchanged at kF = 1.15 fm
−1. This simple
procedure produces a nearly constant binding energy per nucleon for 208Pb as Λν is
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Table 1. Readjusted parameters in NL3* and FSU. The binding en-
ergy per nucleon (E/A), proton radius (rp), and neutron skin thick-
ness (rn − rp) for 208Pb are listed.
model Λν gρ E/A (MeV) rp (fm) rn − rp (fm)
FSUw1 0.01 9.6550 -7.866 5.461 0.259
FSUw2 0.02 10.5558 -7.871 5.466 0.233
FSU 0.03 11.7673 -7.873 5.473 0.206
FSUw4 0.04 13.5221 -7.868 5.482 0.175
NL3*w1 0.01 9.8047 -7.882 5.452 0.256
NL3*w2 0.02 10.6242 -7.896 5.456 0.226
NL3*w3 0.03 11.6909 -7.903 5.463 0.196
NL3*w4 0.04 13.1605 -7.905 5.472 0.164
changed.60 The readjusted parameters with various Λν are listed in Table 1, where
the parameter sets are named according to the value of Λν , except for the original
parameter sets FSU.
5. Numerical results and discussion
In this section, we study the 1S0 Λ superfluidity in warm strange hadronic matter.
Firstly, for investigating the influence of the isoscalar-isovector cross-interaction on
the superfluidity of Λ hyperons, we show the energy gap ∆F of the Λ hyperons in
hadronic matter at T = 0 with several parameter sets in Fig. 1. Where, the ∆F
is the energy gap of Λ hyperons at the Fermi surface. Considering the computing
time, here, we just use the ESC00 potential for example. As we see in Fig. 1, The
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Fig. 1. Density dependence of the 1S0 Λ energy gap ∆F in β-stable hadronic matter at T = 0
with NL3, NL3* and FSU, as well as the readjusted parameters in NL3* and FSU. The used ΛΛ
interaction is ESC00 potential.
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threshold density of Λ is around 0.39 fm−3 calculated with FSU. In the case of
FSU, a 1S0 Λ superfluid is formed as soon as the Λ hyperons appear in hadronic
matter. Besides, the same result can also be obtained for the other eight parameter
sets in our calculation. It is found that the maximal energy gap ∆F of Λ with
the ESC00 potential for the case of FSU is about 0.81 MeV, while the result is
about 0.63 MeV for both NL3* and NL3, which is in accord with the result in Ref.
28. Additionally, in Fig. 1, we find that the maximal energy gap gradually becomes
smaller as the nonlinear coupling Λν increases for both the NL3* and FSU. Besides,
the baryon density corresponding to the maximal energy gap increases with the
nonlinear coupling Λν for NL3* and FSU, respectively.
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Fig. 2. Calculated variation behavior of the relative populations of the compositions of hadronic
matter with respect to the total baryon density ρB at T=0 in FSUw1, FSUw2 and FSU, respec-
tively.
For the properties of Λ hyperons in nuclear medium also play an important role
on the Λ energy gap, in Fig. 2, we depict the relative populations of all composi-
tions with respect to the total baryon density at T = 0. Here, we take the results
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Fig. 3. Density dependence of the 1S0 Λ energy gap ∆F in β-stable hadronic matter with FSU at
T=0.1, 0.2, 0.3 and 0.4 MeV, and with NL3* at T=0.1, 0.2 and 0.3 MeV. The used ΛΛ interaction
is ESC00 potential.
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Fig. 4. Temperature dependence of the 1S0 Λ energy gap ∆F in β-stable hadronic matter with
FSU. The baryon density ρB ranges from 0.44 fm
−3 to 0.55 fm−3. The used ΛΛ interaction is
ESC00 potential.
with FSUw1, FSUw2 and FSU for example. For the Λ hyperons, their relative pop-
ulations increase rapidly with the ascent of the density near the onset region of Λ
hyperons, then they increase very slowly with the increase of the baryon density
at higher density. The results show that the threshold density of Λ increases with
the nonlinear coupling Λν increasing. As shown in Fig. 2, the cross-interaction may
have an important influence on the properties of Ξ0 hyperons in nuclear medium,
which needs more discussion in future work.
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Table 2. The critical temperature of 1S0 Λ superfluid at different
baryon densities. The quantities Y and ∆F represent the fraction of Λ
hyperon (Y = ρΛ/ρB ) and the
1S0 Λ energy gap in β-stable hadronic
matter. T cal.c and T
WCA
c are the calculated critical temperature with
ESC00 potential in the case of FSU and the corresponding weak-
coupling approximation (WCA) estimations.
ρB (fm
−3) Y ∆F (MeV) T
cal.
c (10
9 K) TWCAc (10
9 K)
0.41 1.25% 0.502 3.36 3.33
0.42 2.14% 0.697 4.64 4.61
0.43 3.08% 0.791 5.22 5.23
0.44 4.06% 0.810 5.34 5.36
0.45 5.06% 0.775 5.11 5.13
0.46 6.06% 0.702 4.64 4.65
0.47 7.06% 0.597 3.94 3.95
0.48 8.05% 0.490 3.25 3.24
0.49 8.85% 0.400 2.67 2.65
0.50 9.50% 0.335 2.20 2.22
0.51 10.10% 0.271 1.74 1.79
0.52 10.67% 0.223 1.39 1.47
0.53 11.22% 0.182 1.16 1.20
0.54 11.75% 0.163 1.01 1.08
0.55 12.26% 0.135 0.81 0.89
In order to investigate the temperature dependence of the superfluidity of Λ hy-
perons, in Fig. 3, we show the energy gap ∆F of the Λ hyperons in hadronic matter
in FSU, and NL3* included for comparison. For both of the two parameter sets,
with the temperature increasing, the maximal energy gap of Λ pairing decreases,
besides, the onset density of Λ superfluidity becomes higher and the density where
Λ superfluidity disappear becomes lower. However, the density corresponding to the
maximal energy gap is almost unchanged with the temperature increasing, which is
about 0.44 fm−3 in the case of FSU and about 0.31 fm−3 in NL3*. For better under-
standing, in Fig. 4, we show the temperature dependence of the energy gap ∆F of
Λ for several values of the total baryon number density in FSU for example. Fig. 4
is obtained with the range of the temperature T from 0 to 0.48 MeV, with the steps
being 0.01 MeV. Finally it should be pointed out that the finite-temperature gap
equation solution is a very lengthy calculation. It takes more than 600 CPU hours
with one processor. As shown in Fig. 4, the energy gaps of Λ at different baryon
density are almost unchanged in low temperature region, then they decrease rapidly
with the increase of the temperature and disappear at some critical temperature.
In Table 2, we list the β-stable fractions of the Λ and the critical temperature,
as well as the estimated result from the well-known weak-coupling approximation
(WCA).63
Tc ≈ 0.57∆F (T = 0). (25)
As seen in Table 2, the calculated critical temperature of the 1S0 Λ superfluid
is in good agreement with the WCA. In our case of FSU, the fractions of the Λ
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Fig. 5. Critical temperature of the 1S0 Λ superfluid as a function of the Λ number density in units
of ρΛ/ρB calculated with FSU parameter set. The used ΛΛ interaction is ESC00 potential.
Table 3. Maximal pairing gap ∆F at Fermi surface and the critical temperature of
1S0 Λ superfluid obtained with several ΛΛ potentials. ρB is the total baryon density
of β-stable hadronic matter corresponding to the maximal pairing gap, and T cal.c is
the calculated critical temperature. The used parameter sets are FSU and NL3*.
FSU NL3*
ρB ∆F T
cal.
c ρB ∆F T
cal.
c
(fm−3) (MeV) (109 K) (fm−3) (MeV) (109 K)
ESC00 0.439 0.81 5.34 0.306 0.63 4.19
ND1 0.432 0.18 1.16 0.304 0.14 0.92
ND2 0.429 0.12 0.73 0.301 9.8×10−2 0.65
NSC97b 0.402 2.0×10−3 1.3×10−2 0.286 1.7×10−3 1.1×10−2
NSC97e 0.406 4.3×10−3 2.7×10−2 0.289 3.7×10−3 2.3×10−2
NSC97f 0.400 1.7×10−3 1.0×10−2 0.286 1.4×10−3 8.8×10−3
NSC97s 0.414 1.1×10−2 6.7×10−2 0.293 9.9×10−3 5.6×10−2
NFs 0.432 1.7×10−2 0.10 0.304 1.5×10−2 0.09
in warm hadronic matter, corresponding to the maximal critical temperature, is
about 4%. Then, with the fractions of the Λ increasing, the corresponding critical
temperature decreases. When the fractions of the Λ approaches to 19%, there will be
no 1S0 Λ superfluid any more in our calculation. In addition, our calculation about
the maximal energy gap ∆F of Λ as well as the corresponding fractions of the Λ
are in accord with the result obtained by using the G-matrix effective interaction in
Ref. 27, where they found that a maximum gap energy of 0.8−0.9 MeV is achieved
for a Λ fraction of about 5%.
In Fig. 5, we show the region in the temperature-Λ-density plane where the
Λ hyperon is expected to be superfluid. In the case of FSU, the Λ is in a 1S0
May 1, 2019 7:9 WSPC/INSTRUCTION FILE ws-ijmpe
12 R.L. Xu, C. Wu, and Z. Z. Ren
superfluid state for fractions of the Λ ranging from 3.8 × 10−3 % up to ∼18.8%,
which corresponds to a total baryon density ranging from the Λ onset density 0.39
fm−3 to ∼0.71 fm−3 at T = 0. With the temperature increasing, the density region
for Λ superfluid becomes narrow. As seen in Fig. 5, the 1S0 Λ superfluid only exists
when the stellar matter cools down to about 5.4×109 K. Above this maximal critical
temperature of Λ superfluid, there still may exist 1S0 Σ
− pairing and 3P2 neutron
pairing.64
Finally, we list the maximal pairing gap (∆F ) at the Fermi surface and the
critical temperature obtained with several ΛΛ potentials in Table 3. The total
baryon density corresponding to the maximal pairing gap calculated with FSU is
around 0.4 fm−3 with these ΛΛ potentials, while it is around 0.3 fm−3 in the case of
NL3*. However, the maximal pairing gap ∆F and the critical temperature predicted
with FSU and NL3* are similar to each other. Additionally, the critical temperature
of 1S0 Λ superfluid is around 10
7 K with the NSC97s and NFs potentials in the
case of FSU and NL3*.
6. Summary
In this article, the 1S0 superfluidity of Λ hyperons in warm strange hadronic matter,
in β equilibrium by including the full octet of baryons, is investigated within the
RMF models. By changing the strength of the isoscalar-isovector cross-interaction
in RMF models (NL3* and FSU), we systematically investigate the influence of
the cross-interaction term on the properties of 1S0 Λ superfluid. It is found that
with the isoscalar-isovector coupling increasing, the onset density and the density
corresponding to the maximal energy gap of 1S0 Λ superfluid increases. However,
the maximal energy gap of Λ pairings gradually becomes smaller with the isoscalar-
isovector coupling. In addition, it is found that the maximal energy gap ∆F of Λ
in β-stable hadronic matter at T= 0 is about 0.81 (0.63) MeV with the ESC00
potential in the case of FSU (NL3*). The value of ∆F is 0.1−0.2 MeV for the ND1
and ND2 potentials. The NSC97b, NSC97e, NSC97f, NSC97s and NFs potentials
reproduce the value of ∆F of the order of 10
−3 − 10−2 MeV.
On the other hand, with the temperature increasing, the onset density of 1S0
Λ superfluid becomes higher and the disappearance density becomes lower, while
the density corresponding to the maximal energy gap is almost unchanged. The
energy gaps of Λ pairing at different baryon density are almost unchanged in low
temperature region, then they decrease rapidly with the increase of the temperature
and disappear at some critical temperature. The maximal critical temperature of
Λ superfluid is about 5.3 (4.2)×109 K in the case of FSU (NL3*) with the ESC00
potential. The maximal critical temperature of Λ superfluid is of the order of 107−
109 K with the ND1, ND2, NSC97b, NSC97e, NSC97f, NSC97s and NFs potentials.
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